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ABSTRACT: Low energy dense diets (<1.6 kcal g-1) are recommended for weight management. Self-assembled, water-filled, 
edible nanotubes that self-organise into a more complex structure, possibly a 3D network of nanocellulose, may be used to 
lower the energy density of many processed foods to <1.6 kcal g-1. Durethan® KU2-2601 packaging film enables the water 
content of processed foods to be increased without reducing their shelf life. Food and drinks can be sweetened by adding 
calorie-free PurefruitTM monk fruit (Siraitia grosvenorii) extract to them. PUREFRUIT™ is approximately 200 times sweeter than 
sugar and has exceptional stability. The energetic cost of the assimilation of processed and farmed foods, including sugar-
sweetened liquids can be increased by increasing their protein and fibre content.
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INTRODUCTION
The combined effect of sedentary lifestyles and availability of 
energy dense food in modern societies is undeniable. Once 
considered a problem only in high-income countries (World 
Bank classification: http://data.worldbank.org/about/country-
classifications), the prevalence of overweight and obese 
people is now dramatically on the rise in low- and middle-
income countries, particularly in urban settings where exercise 
is optional and high energy dense (>2 kcal g-1) (1) fast food is 
now plentiful. Degenerative non-communicable diseases are 
rare or non-existent in hunter-gatherers eating a late 
Palaeolithic diet i.e. a low energy dense diet with a wild plant-
to-animal energy intake ratio ~1:1, with fish and shellfish 
providing a significant proportion of the animal component (2).
Nearly all the genes and epigenetic regulatory mechanisms 
humans carry today were originally selected for behaviourally 
modern humans who appeared in Africa between 100,000 
and 50,000 years ago (2). Thus, it has been argued that the 
typical diet, physical activity patterns, and body composition 
of late Palaeolithic humans remain normative for 
contemporary humans and models for disease-prevention 
recommendations (2). Indeed, an article in Nature highlighted 
“It is difficult to refute the assertion that if modern populations 
returned to a hunter-gatherer state then obesity and diabetes 
would not be the major public health threats that they now 
are” (3). There are more humans on Earth than can be 
sustained by the natural World. Thus, the food industry needs 
to use the principles of the optimal Palaeolithic diet to help 
prevent diet induced disease because unbiased observers 
agree that nutritional advice from conventional sources, 
whether based on epidemiologic or mechanistic findings, has 
not affected complex degenerative disease incidence/
prevalence as much as hoped (2).
Late Palaeolithic humans ate wild foods and cooking them 
increases food safety and improves diet quality (4). 
The largest single constituent of many cooked wild foods is 
water and increasing the water content of a processed food 
lowers its energy density (5). Low energy dense diets (<1.6 kcal 
g-1) are recommended for weight management because a 
relationship exists between the consumption of an energy 
dense diet and obesity (1). Further, modern humans consuming 
low energy dense diets have the lowest total intakes of energy, 
even though they consume the greatest amount of food (1). 
The energy density of some liquid and some spreadable solid 
emulsion-type processed foods has been reduced by 
increasing water content. Further, amorphous cellulose, which 
has a high water content, has successfully been used to 
reduce fat levels and hence reduced the energy density of 
cheese, hamburgers, sausages and baked goods (6-8).
Cellulose is the major structural component of plant cell walls 
and the cellulose molecule is insoluble in water, tasteless and 
odourless. It occurs in plants as microfibrils 2-20 nm diameter 
and 100 - 40 000 nm long. These cellulose microfibrils form a 
structurally strong framework in the cell walls. The human 
digestive system can only partially breakdown cellulose into 
smaller components for absorption into the bloodstream and 
thus it is often referred to as dietary fibre (dietary fibre consists 
of non-starch polysaccharides such as cel lulose, 
arabinoxylans, and many other plant components such as 
resistant dextrins, inulin, lignin, waxes, chitins, pectins, beta-
glucans, and oligosaccharides that are not digested by 
human pancreatic or intestinal enzymes). Amorphous 
cellulose is not a natural constituent of meat. Using cellulose as 
a meat additive highlights an attempt to treat a symptom of 
modern animal husbandry; modern animal husbandry caused 
the rise in the production of high fat meat with a low nutrient 
density and it will have to be corrected because of its negative 
effects on animal welfare and human nutrition (9-12).
Processed food products of plant origin such as chocolate 
bars, biscuits, fruit bars and cereal bars have a high energy 
density principally because they have a low water content (5). 
Self-assembled, water-filled, edible nanotubes that self-
organise into a more complex structure, possibly a 3D network 
of nanocellulose, may be used to lower the energy density of 
many processed foods to <1.6 kcal g-1(5). Nanocellulose is 
composed of nanosized cellulose fibrils (fibre diameter: 20-100 
nm), has a water content of up to 99 percent and the same 
molecular formula as plant cellulose (13). The water inside the 
nanosized cellulose fibrils could contain flavour with few 
calories e.g. a cup of tea without milk = 0.01 kcal g-1. The 
shape and supramolecular structure of the nanocellulose can 
be regulated directly during biosynthesis to produce fleeces, 
films/patches, spheres and tubes (14). Other edible materials 
can strongly adhere to the surface and the inside of 
nanocellulose structures such as fleeces to form edible 
composites (15). Taste sensation per mouthful could be 
improved by adding flavouring substances processed on the 
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(22, 32). Diet induced disease is a situation out of control. The 
causes are preventable, but it is a global epidemic. Human 
food production must be linked to human nutritional 
requirements as its first priority, as was the aim of Professor Sir 
Jack Drummond during World War II. The nutritional value of 
processed and farmed foods should be based on the 
nutritional value of the late Palaeolithic human diet to help 
reduce obesity and other postprandial insults (5, 9, 33-35). 
Emergent technologies will change society beyond anything 
that has gone before. This should, but not with any certainty, 
eventually slow down the spiralling increase in diet induced 
healthcare costs (36). 
REFERENCES AND NOTES
1. J.H. Ledikwe, H.M. Blanck et al., Am J Clin Nutr., 83(6), pp. 1362-
1368 (2006).
2. S.B. Eaton, M.J. Konner et al., Am J Clin Nutr., 91(2), pp. 295-297 (2010).
3. S. O’Rahilly, Nature, 462(7271), pp. 307-314 (2009).
4. R.N. Carmody, R.W. Wrangham, J Hum Evol., 57(4), pp. 379-391 (2009).
5. A.A. Robson, Nutr Health., 20(3&4), pp. 231-236 (2011).
6.  S.S. Cho, L. Prosky, Complex carbohydrates in foods, New York: 
Marcel Dekker Inc, pp. 411-430 (1999).
7.  K. Warner, G. Inglett, Cereal Foods World, 42(10), pp. 821-8255 (1997).
8. P.C.B. Campagnol, B.A. dos Santos et al., Meat Sci., 90(1), pp. 
36-42 (2012).
9. Y. Wang, C. Lehane et al., Public Health Nutr., 13(3), pp. 400-408 (2010).
10.  T. Jonsson, B. Ahrén et al., Nutr Metab., 3(1), pp. 39 (2006).
11. B.N. Ametaj, Q. Zebeli et al., Metabolomics, 6(4), pp. 583-594 (2010).
12. C.A. Daley, A. Abbott et al., Nutr J., 9(1), pp. 10 (2010).
13.  D. Klemm, D. Schumann et al., Polysaccharides II, Advances in 
Polymer Science, Springer Berlin / Heidelberg, 205, pp. 49-96 (2006).
14.  D. Klemm, F. Kramer et al., Angewandte Chemie International 
Edition, 50(24), pp.5438-5466 (2011).
15.  S-T. Chang, L-C. Chen et al., Food Hydrocoll., 27(1), pp. 137-144 (2012).
16. S. Neethirajan, D.S. Jayas, Food and Bioprocess Technology, 
4(1), pp. 39-47 (2011).
17. L.W. Chen, L.J. Appel et al., Am J Clin Nutr., 89(5), pp. 1299-1306 (2009).
18.  U.S. Department of Agriculture, Nutrient intakes from food: Mean 
amounts consumed per individual, one day, 2005-2006. Agricultural 
Research Service www.ars.usda.gov/ba/bhnrc/fsrg; (2008).
19.  R. Crovetti, M. Porrini et al., Eur J Clin Nutr., 52(7), pp. 482-488 
(1998).
20. R.J. Stubbs, Proc Nutr Soc., 57(3), pp. 341-356 (1998).
21. M. Veldhorst, A. Smeets et al., Physiol Behav., 94(2), pp. 300-307 (2008).
22. A.A. Robson, Nutr Health., 20(2), pp. 135-166 (2009).
23.  N.H. Baba, S. Sawaya et al., Int J Obes., 23(11), pp. 1202-1206 
(1999).
24.  A.R. Skov, S. Toubro et al., Int J Obes., 23(5), pp. 528-536 (1999).
25.  D.K. Layman, J Nutr., 133(1), 261S-267S (2003).
26.  M.S. Westerterp-Plantenga, M. Lejeune et al., Int J Obes., 28(1), 
pp. 57-64 (2004).
27.  C.S. Johnston, S.L. Tjonn et al., J Nutr., 134(3), pp.586-591 (2004).
28.  Y. Seino, S. Seino et al., Human Nutrition-Applied Nutrition, 37(3), 
pp. 226-230 (1983).
29.  K. Odea, Diabetes, 33(6), pp. 596-603 (1984).
30.  K. Odea, K. Traianedes et al., J Am Diet Assoc., 89(8), pp. 1076-
1086 (1989).
31. J.F. Graveland-Bikker, C.G. De Kruif, Trends in Food Science & 
Technology, 17(5), pp. 196-203 (2006).
32. L. Cordain, S.B. Eaton et al., Am J Clin Nutr., 81(2), pp. 341-354 
(2005).
33.   A.A. Robson, Preventing the epidemic of diet induced disease: 
an overview. In Bioactive Foods in Chronic Disease States,  
     Elsevier: (in press 2013); Vol. Bioactive Food as Dietary 
Interventions for Liver and Gastrointestinal Disease.
34.   A.A. Robson, Preventing the epidemic of mental ill health: an 
overview. In Bioactive Foods in Chronic Disease States, 
      Elsevier: (in press 2013); Vol. Bioactive Food as Dietary 
Interventions for the Aging Population.
35. A. Robson, Nature, 444(7122), p. 1002 (2006).
36.  D. Tolfree, A. Smith, Roadmapping emergent technologies, 
Leicester: Matador, (2009).
nanoscale (increased surface area in contact with taste and 
smell receptors) to edible composites (Ultrafine food 
technology: Eminate Limited, Nottingham, United Kingdom).
Durethan® KU2-2601 packaging film produced by Bayer 
Polymers, Germany, is a nanocomposite film enriched with 
silicate nanoparticles which is designed to prevent the 
contents from drying out and prevent the contents coming 
into contact with oxygen and other gases. Durethan® KU2-
2601 can prevent food from spoiling (16) and thus the water 
content of dehydrated plant-based food products may be 
increased without reducing product shelf l ife. Thus, 
nanocellulose is expected to be widely used a as a nature-
based food additive (14, 15).
A reduction in liquid calorie intake has been found to have a 
greater effect on weight loss than a reduction in solid calorie 
intake (17). Sugar sweetened liquids require little digestion. 
Glucose and fructose can be directly absorbed into the 
bloodstream without digestion. Reducing the energy density 
of processed foods, including sugar-sweetened liquids and 
simultaneously increasing the cost of their assimilation makes 
them more akin to foods consumed by late Palaeolithic 
humans. The energetic cost of the assimilation of processed 
foods can be increased by increasing their protein and fibre 
content (2, 5). The typical modern diet has a fibre content of 
15.1 g day-1 (18) which is considerably lower than the 
estimated ancestral intake of >70 g day-1 (2) and 
nanocellulose may be used to increase the fibre content of 
processed foods. Indeed, chocolate (e.g. dark chocolate 
(19904) containing 10.9 g of fibre per 100 g) may appear to 
be high in fibre but is not when its energy density is reduced to 
a level similar to a typical fruit or vegetable (hot chocolate 
(14194) 55 kcal and 0.5 g versus raspberries (35202) 62 kcal 
and 7.5 g of fibre per 100 g (USDA National Nutrient Database 
for Standard Reference, Release 24 (2011) 5-digit nutrient 
database number in parentheses). Protein has more than three 
times the thermic effect of either fat or carbohydrate (19) and 
protein has a greater satiety value than fat or carbohydrate 
(19, 20). A high protein diet (protein and carbohydrate intake 
both being approximately one third of total energy intake (2)) 
is of vital importance as a weight-loss strategy for the 
overweight or obese and for weight maintenance (21, 22). 
Clinical trials have shown that calorie-restricted, high-protein 
diets are more effective than are calorie-restricted, high-
carbohydrate diets in promoting (23,24,25) and maintaining 
(26) weight loss in overweight subjects, while producing less 
hunger and more satisfaction (27). Furthermore, high protein 
diets have been shown to improve metabolic control in 
patients with type 2 diabetes (28-30). Food-grade protein 
based nanotubes (31) may be used to increase the protein 
content of processed foods that are currently high in fat or 
high in carbohydrate. Functional foods and drinks are 
required to simultaneously satisfy the human “sweet tooth” 
and almost completely remove added sugars such as 
glucose, fructose and sucrose from the diet (2). Savoury food 
and drinks can be sweetened by adding fruit to them or 
adding calorie-free PurefruitTM (Tate & Lyle) monk fruit (Siraitia 
grosvenorii) extract. PUREFRUIT™ is approximately 200 times 
sweeter than sugar and has exceptional stability.
THE BIGGER PICTURE
Obesity should not be considered in isolation, it is one of 
many non-communicable diseases linked to the modern diet 
and a sedentary lifestyle (22, 32). The modern diet has 
adversely affected the following dietary indicators 1) fatty 
acid composition, 2) energy density, 3) macronutrient 
composition, 4) micronutrient density, 5) acid-base balance, 
6) sodium (as NaCl) - potassium ratio and 7) fibre content 
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